Anemone hupehensis LEM. var. japonica (THUNB.) BOWLES et STEARN is a perennial plant belonging to the family Ranunculaceae and is distributed throughout Japan and China.
Notes
Anemone hupehensis LEM. var. japonica (THUNB.) BOWLES et STEARN is a perennial plant belonging to the family Ranunculaceae and is distributed throughout Japan and China. 1) Its roots have been used in traditional Chinese medicine for the treatment of fever.
2) Although the triterpene glycosides hupehensis saponin A-G were isolated from A. hupehensis, 3) there have been no reports concerning the secondary metabolites of A. hupehensis var. japonica. Therefore, in this study, we conducted a phytochemical screening of the whole plant. As a result, three new triterpene glycosides (1-3) and eight known triterpene glycosides (4) (5) (6) (7) (8) (9) (10) (11) were isolated. Here, we describe the isolation and structural elucidation of the three new triterpene glycosides (1-3) on the basis of spectroscopic analysis, including various two-dimensional (2D) NMR spectroscopic studies, and the results of hydrolytic cleavage experiments. The cytotoxic activities of the isolated compounds against HL-60 human leukemia cells, A549 human lung adenocarcinoma cells, HSC-2 human oral squamous carcinoma cells, and HSC-4 human oral squamous carcinoma cells are also reported.
The whole plant of A. hupehensis var. japonica (3.3 kg) was extracted with hot MeOH. After removal of solvent, the MeOH extract was passed through a porous-polymer polystyrene resin (Diaion HP-20) column successively eluted with 30% MeOH, 50% MeOH, MeOH, EtOH, and EtOAc. The MeOH eluted fraction was repeatedly subjected to silica gel and octadecylsilanized (ODS) silica gel column chromatography to afford compounds 1-11. C-NMR of 1, which suggests that 1 is a 3,28-bisdesmoside of oleanolic acid. In a comparison of the whole 13 C-NMR spectrum of 1 with that of 3b- 8) the signals due to the aglycone moiety and the triglycoside residue linked to C-3 of the aglycone were observed at almost the same positions for each of the compounds. However, differences were recognized in the tetraglycoside moiety attached to C-28 of the aglycone. The exact structures of the sugar moieties and their linkage positions to the aglycone were solved by detailed analysis of the one-dimensional (1D) totally correlated spectroscopy (TOCSY) and 2D NMR spectra. The 1 H-NMR subspectra of individual monosaccharide units were obtained by using selective irradiation of easily identifiable anomeric proton signals, as well as non-overlapping proton signals in a series of 1D TOCSY experiments.
9-11) Subsequent analysis of the 1 H-1 H shift correlation spectroscopy (COSY) spectrum resulted in the sequential assignment of all the proton resonances due to the seven glycosyl units, including identification of their multiplet patterns and coupling constants ( Fig. 1) . Accordingly, the structure of 1 was formulated as 3b-
Compound 2 and C-28 at the aglycone at d 176.5. Thus, the structure of 2 was determined to be 3b- C-NMR spectra of 3 and comparison with that of 1 indicated that the triglycoside structure attached to C-3 of the aglycone and the tetraglycoside attached to C-28 are identical to those of 1; however, 3 slightly differs from 1 in terms of the aglycone moiety. The molecular weight of 3 was higher than that of 1, with the difference corresponding to one oxygen atom. In the 13 C-NMR spectrum, the signal due to the C-23 methyl group, which was observed at d 28.2 in 1, appeared as a signal due to a hydroxymethyl carbon at d 64.0. Furthermore, ABq signals at d 4.30 and 3.93 (Jϭ10.3 Hz) were associated with the hydroxymethyl carbon signal by analysis of the HMQC spectrum. Acid hydrolysis of 3 yielded 3b,23-dihydroxyolean-12-en-28-oic acid (hederagenin, 3a), L-rhamnose, D-ribose, Larabinose, and D-glucose. On the basis of these data, the structure of 3 was found to be 3b-
The isolated compounds (1-11) were evaluated for their cytotoxic activity against HL-60 cells ( Table 2 ). The triterpene monodesmosides (4-6) showed moderate cytotoxic activity against HL-60 cells with IC 50 values of 3.1, 2.3, and 5.7 mM, respectively. Oleanolic acid (the aglycone of 4 and 5), hederagenin (the aglycone of 6), and bisdesmosides with the sugar units at both the C-3 hydroxy group and C-28 carboxy group (1-3 and 7-11) did not exhibit cytotoxicity even at a sample concentration of 10 mM. Compounds 4-6 also exhibited cytotoxic activities against A459 and HSC-2 solid tumor cells greater than or equal to those of cisplatin, which was used as a positive control. A459 and HSC-2 cells were not sensitive to etoposide. Compounds 4 and 5 were moderately cytotoxic to HSC-4 cells, which were resistant to both cisplatin and etoposide. Compound 6 is the C-23 hydroxy derivative of 4, and it was presumed that the hydroxy group in 6 diminishes its cytotoxicity against HSC-4 cells.
Experimental
Optical rotations were measured using a JASCO P-1030 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 (500 MHz for 1 H-NMR, Karlsruhe, Germany) and a Bruker DRX-600 (600 MHz for 1 H-NMR) spectrometer using standard Bruker pulse programs. 1D-TOCSY and HSQC-TOCSY spectra were recorded at the mixing time of 120 ms. Chemical shifts are given as d values in reference to tetramethylsilane (TMS) as an internal standard. ESI-TOF-MS spectra were recorded on a Waters-Micromass LCT mass spectrometer (Manchester, U.K.). Diaion HP-20 (Mitsubishi Chemical, Tokyo, Japan), silica gel (Fuji Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on Silica gel 60 F 254 (thickness: 0.25 mm, Merck, Darmstadt, Germany) and RP 18 F 254S plates (thickness: 0.25 mm, Merck), and spots were visualized by spraying the plates with 10% H 2 SO 4 solution, followed by heating. HPLC was performed by using a system composed of a CCPM pump (Tosoh, Tokyo, Japan), a PX-8010 controller (Tosoh), an RI-8010 (Tosoh) and a Shodex OR-2 (Showa Denko, Tokyo, Japan) detector, and a Rheodyne injection port. The following reagents were obtained from the indicated companies: RPMI 1640, minimum essential medium (MEM), and 3- ( Table 1 . Table 1 . Table 1 .
Acid Hydrolysis of 2 A solution of 2 (6.0 mg) was subjected to acid hydrolysis using the above-mentioned procedure for the hydrolysis of 1 to afford an aglycone fraction (1.5 mg) and a sugar fraction (4.5 mg). The aglycone fraction was chromatographed on silica gel eluted with hexane-Me 2 CO Table 1 .
Acid Hydrolysis of 3 A solution of 3 (12.0 mg) was subjected to acid hydrolysis using the above-mentioned procedure for the hydrolysis of 1 to afford an aglycone fraction (3.3 mg) and a sugar fraction (7.4 mg). The aglycone fraction was chromatographed on silica gel eluted with hexane-Me 2 CO (4 : 1) to give 3a (hederagenin, 1. Cell Culture and Assay for Cytotoxic Activity against HL-60 Cells HL-60 cells, which were obtained from the Human Science Research Resources Bank (JCRB 0085, Osaka, Japan) were maintained in RPMI 1640 medium containing 10% heat-inactivated FBS and antibiotics (100 units/ml penicillin sodium salt and 100 mg/ml streptomycin sulfate) in a 5% CO 2 humidified incubator at 37°C. The cells were washed and resuspended in the medium at 4ϫ10 4 cells/ml, and 196 ml of this cell suspension was seeded into 96-well flat bottom plates (Iwaki Glass, Chiba, Japan). The cells were incubated in 5% CO 2 /air for 24 h at 37°C. After incubation, 4 ml of EtOH-H 2 O (1 : 1) solution containing the sample was added to obtain final concentrations of 0.01-20 mM, and 4 ml of EtOH-H 2 O (1 : 1) was added to the control wells. The cells were further incubated for 72 h in the presence of each agent, and then cell growth was evaluated using a modified MTT reduction assay. 14) At the end of the incubation period, 10 ml of 5 mg/ml MTT in phosphate buffered saline (PBS) was added to each well, and the plate was further incubated in 5% CO 2 /air for 4 h at 37°C. Then, the plate was centrifuged at 1500 g for 5 min to precipitate MTT formazan. An aliquot of 150 ml of the supernatant was removed from each well, and 175 ml of dimethylsulfoxide (DMSO) was added to dissolve the MTT formazan crystals. The plate was mixed on a microplate mixer for 10 min and then read on a microplate reader (Spectra Classic, Tecan, Salzburg, Austria) at 550 nm. Each assay was performed in triplicate and cytotoxicity was expressed as the IC 50 value, which reduces the number of viable cells by 50%.
Cell Culture and Assay for Cytotoxic Activity against A549, HSC-2, and HSC-4 Cells A549 (JCRB 0076) cells were incubated at 37°C in MEM supplemented with 10% heat-inactivated FBS in a humidified 5% CO 2 atmosphere. HSC-2 and HSC-4 cells were maintained as monolayer cultures at 37°C in DMEM supplemented with 10% heat-inactivated FBS in a humidified 5% CO 2 atmosphere. Cells were trypsinized and resuspended in the medium at 1ϫ10 5 cells/ml, and 100 ml of this cell suspension was seeded into 96-well flat bottom plates and incubated for 24 h. After washing once with PBS, the cells were treated for 24 h in the presence of the test compounds. The cells were washed once with PBS and incubated for 4 h with 0.2 mg/ml MTT in MEM (A549 cells) or DMEM (HSC-2 and HSC-4 cells), supplemented with 10% heat-inactivated FBS. After the medium was removed, the MTT formazan crystals were dissolved with 100 ml of DMSO. The plate was mixed on a microplate mixer for 10 min and then read on a microplate reader at 550 nm. Each assay was performed in triplicate and cytotoxicity was expressed as the IC 50 value, which reduces the number of viable cells by 50%.
